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e The market
e The climate
 The Interactions?

"Als elektriciteitsopslag in elektrische auto's lukt,
dan is gas verloren.”
RWE's CEO Supply & Trading Stefan Judisch
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The market

How much gas is needed
How much from imports

How much for power generation
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FIGURE 1-WORLD GAS DEMAND DEVELOPMENT
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ENTSOG Annual Potential Supply Scenario + Additiona | Pipeline Projects
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THE SUPPLY CAPACITY FOR EUROPE IS EXPECTED TO CHANGE SIGNIFICANTLY
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ENTSO-E Consumption Forecast
= The Power market
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On the other hand the share of gas power plants in total fossil fusls installed capacity is
zignificant and it illustrates the preference for gas among potential investors. There could be
more reasons for such behaviour of investors:

=  |ower inwestment costs and a higher flexibility compared fo other types of themmal
unift=, which is in many countries alzo related fo a motivation fo participate in ancillany
zenices markets;

= emhng climate change policies (favouring gas as a lower CO: producer than coal
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ENTSO-E Fossil Fuels Mix
January7 p.m.; Scenario B

100%

90%

80%

70%

60%

S0%

40%

30%

20%

10%

0% .
2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025

B NotAltnbutable B Mixed Fuels B0l mGas ®HardCoal ®Lignite

&OLQIJHQGDHO V,QWHUQDWLRQDO (QHUJ\ 3URXUPPPPIHQGD




Source:

RES (non-hydro) & Gas shares in 2020 ENTSO-E
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FIGURE §- SCENARIOS FORWORLD GAS DEMAND DEVELOPMENTWITH SHIFT OF COAL TO
GAS IN POWER GENERATION PRE- RECESSION AND POST RECESSION SCENARIOS [ECM}
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e More gas for EU-market: power driven

e More RES == more flex === more gas ( ?)
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Coal and nuclear provide good flexibility, must-run units less
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Remarks

Gas-fired CCGTs can be economically dispatched as s  tart/stop
unit (~300 starts/yr); not all new coal plants are designed as
start/stop unit; RWE’s new hardcoal plants are desi gned to handle
~100 starts/yr

Minimum Load of CCGT’s (gas fired power plants) is from a
technical design point ca. 30% but is in practice d etermined by
NOX-emissions constraints at around 40%

In NL “must-run” includes in general CHPs with must-r un
constraints, and consist of in general gas  -fired power plants
(~90%); the must-run level varies (more detailed ov  erviews are
described elsewhere)

Stand-alone gas turbines have potentially a much hi gher flexibility
but are not economical to build (and are nearly abs  ent in the NL
park)

New nuclear could be ramped down to well below 50% (up to ca.
25%7)

“New coal” assumes the E.On, Electrabel and RWE proje  cts (to be
commissioned prior to 2015)



Pumped hydro storage

Pumped storage:
the largest -capacity form of
grid energy storage now available.
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Gas & Power system interactions

» Infrastructures and system operation:
— Power SO- needs: different national regulations for dispatch?
— Gas - infra reactions: physical dimensions, storage, pipes?
— Regulatory issues?

 Market models & designs
— Power/gas, gas/power
— Exchanges?

* Roundabouts ?
— The Dutch case?



Integrating gas & power
market couplings.....

Source: APX-
Endex



Rotondes?

euro 1,5 Mra ot 3 mra
nodig. Twee extra Ing-ter-
minals gaan zo'n euro 2 mrd
kosten




“Dutch” Gas & power networks
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